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Abstract 


The  electrochemical  dissolution  of  magnesium  (AZ-21) 
and  hydrogen  evolution  reaction  on  magnesium  in  Mg(ClCjj )2, 

Sr (010^)2,  NaClC^  and  NaClC^  -  Mg(C  1^)2  electrolyte  mix  have  been 
investigated.  The  electrochemical  reduction  of  me ta -dinitrobenzene 
in  NaCIQj  and  MgCClCj^  has  also  been  studied.  Polarization  data 
indicate  the  corrosion  current  density  of  the  magnesium  electrode  is 
much  smaller  in  the  NaClC^  than  in  the  other  electrolytes  studied. 

In  the  NaClC«  -  Mg^lC^j  electrolyte  mix  the  corrosion  current 
density  of  the  magnesium  electrode  increases  as  the  proportion  of 
Mg(ClC^)2  is  increased.  In  the  mixed  electrolyte  system  the  magnesium 
electrode  can  exhibit  two  distinctly  different  corrosion  current 
densities.  These  corrosion  current  densities  are  dependent  upon  the 
history  of  the  electrode. 

The  rate  of  me ta -dinitrobenzene  reduction  in  fiaClC^  and 
Mg (ClCj^  was  found  to  be  about  equal.  Sven  though  the  reduction 
rate  in  the  two  electrolytes  was  equal,  different  reaction  products 


apparently  were  formed. 


Purpose 


lhe  purpose  of  this  study  is  to  investigate  the 
electrochemical  characteristics  of  the  nagnesiur.  anode  and  the 
neta -dinitrobenzene  cathode  in  like  electrolytes.  Much  emphasis 
was  paid  to  the  reproducibility  of  the  polarization  data. 


Introduction 


Frevicvsly,  the  initial  results  of  tne  investigation  of 

the  electrochemical  dissolution  and  ccrresier.  of  magnesium  and  the 

reduction  of  ne ta-dini trober.zer e  in  aoueoss  electrolyte  were 

2 ) 

reported  *  .  A  review  of  the  pertinent  literature  was  also 

(D 

presented  ' .  The  material  presented  n-ithir.  this  report  represents 
a  continuation  of  the  work  described  earlier*"1^. 


experimental  Procedure 

The  electrochemical  cell,  three  electrode  system 
employed,  and  the  experimental  procedure  followed  for  the  investiga- 
tion  of  tne  magnesiums  electrodes  (AZ-21)  were  described  previously  ' 
Starting  potentials  of  -1.65v,  -1.7'v,  -1.75v,  -1. BOv,  and  -l.?5v 
with  potential  increments  cf  25  bw  were  used  in  this  investigation. 
The  electrolytes  used  are  listed  in  Table  I. 


TA3LZ  I 

SLTCT3CLTT2S  E^SSTIGATSO 


2.0M 

Mg(ClC,J)2 

U.OM 

!raClCji 

3.96M 

TaClC^  -  0. 02 M  MgtdC^ 

3.6011 

Iv'aClC^  -  0.2 K  Mg(ClCJl)2 

2.80M 

baCICjj  -  0.6M  .^(ClCj^ 

0. 5H 

sHcic^ 

1.0M 

SrtClC^Jj 

2.0M 

Sr(ClC^)2 

Again,  the  test  electrodes  investigated  were  standard  mkm 
isagnesioas  (AZ-21)  cans.  A  constant  surface  area  was  obtained  by 
immersing  the  open  end  of  each  battery  can  into  molten  rre purified 
paraffin  wax.  As  masked,  the  tax  free  end  cf  toe  magnesium  can 
provide  a  surface  area  of  lit  cr.2. 

The  unmasked  end  cf  the  magnesium  can  was  immersed  into  the 
solution  being  investigated.  The  electrode  remained  at  open  circuit 
until  a  stable  rest  potential  was  recorded.  The  can  was  then  initiated 
by  .jtting  the  potential  of  the  sagnesim  test  electrode  at  the  initial 
value  for  a  duration  cf  10  minutes.  Potential  increments  of  25  w 
were  used.  At  the  end  of  5  minutes  the  current  was  recorded. 

The  electrochemical  reduction  of  meta-dinitrobenze»e  in 
the  aqueous  perchlorate  electrolyte  has  also  been  initiated.  The 
test  electrode  arrangement  is  shown  in  Figure  1. 

The  neta -dinitro benzene  was  placed  in  the  10  am  fritted 
glass  bubbler.  A  standard  "A"  size  carbon  rod,  machined  to  0.110  inch 
for  the  bottom* 1.0  inch  was  used  as  the  cathode.  This  cathode  was 
attached  to  a  Cu  lead  with  a  U-liO  machine  screw  threaded  in  the  top 
of  the  carbon  rod.  This  carbon  rod  assembly  was  inserted  into  the 
inside  cf  th$  fritted  glass  bubbler,  in  tosi«di  the  weta-di nitrobenzene 
had  been  placed,  with  a  plunger.  This  Wiole  assembly  was  now  imersed 
in  the  electrolyte.  Sufficient  time  was  allowed  for  diffusion  of 

I 

electrolyte  into  the  bubbler.  The  rest  potential  was  allowed  to 


stabilise  and  was  them  rsconfeil  The  ftaVUmg  ®f  the  polaffisatiLOE.  data 

rags  theirr  ii sjj  t -Sated.  Thye  fiffillinrnffg  I®ailie  mas  foll'JWBl: 

1.  The  chosen  pm>1twffit,Ti  a  1  ar?^  1~S  ©--S.  The  crmeffit  s  apnsgji  tfHflrpd 

i n®  the  tt1#  ufti  3fei®  scope.  a  steady— state  ©sunremt  was 

reached,  nroosbly  not.  a  truae  steady— state,  the  caurreait  was 
recorded.  TSt'e*  'S'viirattniiTwri  T^as  arpgp]TTV;yi:TTat.aTiy  3  TnLoaae?.. 

2.  The  potential  seas  switched  hack  to  the  rest  potential.  ’Be 
cianrsnt  was  monitored  muitil  mo  measmratole  caarreiEt  passed. 

3.  The  potential  seas  switched  to  toe  next  ri>m.«8Pm  raline  —  and 

S3— CEL. 

ies-JUs  auto  MscmssigE 

Figure  2  dtows  toe  polarization  'data  tor  magnesian  (AS-2l3> 
ir.  aqueous  perchlorate  eXectnclyue.  These  data  seers  taBraa  with  a 
starting  potential  of  -l.Scy  ts  SCEL  Its  closed  symfeoXs  represent 
data  taken  with  anodic  potential  steps  and  toe  ope®  symbols  represent 
data  takes  with  cathodic  potential  steps.  Frost  Figure  2  it  is  seen 
that  as  the  properties,  of  JfigiClC^j'p  in  toe  electrolyte  is  increased, 
toe  hysteresis  between  toe  polarisation  data  taken  in  tee  anodic  and 
cathodic  direction  increased.  The  corrosion  current  density  also 
increased  sharply,  kith  increasing  .igCClCt-Jp  concentration  in  the 
electrolyte  toe  napuiesi'un  electrode  established  two,  very  different, 
corrosion  current  densities.  These  corrosion  current  densities  are. 


CURRENT  DENSITY  AMPS/CM' 


as  Figure  2  shows,  a  function  of  the  polarization  history  of  the 
individual  electrode  and  MgtClCi^  concentration.  Figure  3  shows 
similar  polarization  data  for  magnesium  in  aqueous  perchlorate 
electrolyte  with  a  starting  potential  -1.70v  vs  3CE.  These  data 
exhibit  the  same  characteristic  as  the  data  with  a  starting  poten¬ 
tial  of  -1. 80v  vs  SCS.  From  these  figures,  it  is  seen  that  there  is 
a  need  for  polarization  data  taken  in  a  solution  with  the  composition 

1.60M  NaClC^ 

1.20M  Vig(ClCh)2 

and/ or 

0.80M  NaCICU 

1.60M  >ig(ClCu)2 

or  possibly  a  greater  proportion  of  mgCClCj^. 

Figure  U  shows  the  effect  of  starting  potential  with  the 
electrolyte  2.8M  NaClC-Jj  -  0.6M  MgCClCj^.  These  data  are  remarkably 
reproducible  for  a  magnesium  electrode.  This  figure  also  shows  that 
these  data  are  well  behaved  and  predictable.  The  starting  potential 
does  not  appear  to  influence  these  data. 

Figure  5  shows  the  polarization  data  for  a  magnesium  (AZ-21) 
electrode  in  SHClCj^.  Concentrations  of  Ij.OM,  2*0M,  1.0M  and  0.5M 
were  investigated.  The  U.OH  Sr(ClCj4)  solution  was  exceedingly  viscous. 
The  polarization  data  indicate  that  the  rest  potential  and  corrosion 
current  densities  are  a  strong  function  of  concentration.  In  a  given 
Sr (010^)2  electrolyte  the  magnesium  electrode  exhibited  two  apparently 


CURRENT  DENSITY  AMPS  /CM' 


CURRENT  DENSITY  AMPS/CMT 


CURRENT  DENSITY  AMPS/CM1 


stable  corrosion  current  densities.  Ibis  phenomena  was  also 
observed  with  HgtClC^Jp  electrolytes.  From  Figure  5  it  is  seen 
that  the  SrCClCj^  electrolyte  would  be  a  relatively  poor  choice  for 
a  magnesium  anode  battery.  The  corrosion  current  density  of  the 
magnesium  is  relatively  large  and  the  polarization  at  reasonable 
current  densities  is  excessive. 

Figure  6  shows  the  polarization  data  for  the  electrochemical 
reduction  of  me ta-di nitrobenzene  in  UM  NaClC^  and  2M  Mg( 010^)2*  Hie 
polarization  curves  appear  quite  similar*  but  the  Reaction  products 
appeared  to  be  quite  different.  In  the  I'aClQ*  electrolyte  the  re¬ 
action  product  was  blue  in  color  whereas  the  reaction  product  in  the 
Hg(ClGj4)2  was  orange  in  color.  At  present  an  analysis  of  the  product 


is  not  available. 


CURRENT  DENSITY  AMPS /CM 


Conclusion 

1.  UaClC^  appears  to  be  a  better  electrolyte  than 
MgCClC]^  for  the  Mg-mDHB  cell. 

2.  Sr(ClCjJ)2  is  an  unsatisfactory  electrolyte  for  the 
/ig-mDfJB  cell. 

3.  The  rate  of  reduction  of  mDKB  in  NaClCjj  and  Mg(ClC^) 
is  about  equal; 

1*.  The  reduction  of  mDNR  appears  to  yield  different 
reaction  products  in  NaClC^  and  Mg(ClCji  )g. 


Recommendations  for  Future  Research 


1.  Further  investigation  of  the  dissolution  of  magnesium 
and  hydrogen  evolution  reaction  on  magnesium  in  the  NaClCj^  ~ 

Mg( 010^)2  electrolyte  system. 

2.  Further  investigation  of  the  electrochemical 
reduction  of  meta -dinitrobenzene  in  NaClC^  -  Mg(ClC|j)2  electrolyte 
system. 

3.  Fabrication  of  "A"  size  magnesium  -  meta -dinitrobenzene 
cells  with  UN  NaClCj^  electrolyte. 

U.  Investigation  of  the  dissolution  of  magnesium, 
hydrogen  evolution  reaction  on  magnesium,  and  reduction  of  meta¬ 
dinitrobenzene  in  LiClCjj  -  HgCClCj^  and  KClCj^  -  MgtClCj^ 
electrolyte  systems. 
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